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Abstract 
Water vapour formed when combusting hydrocarbons determines the dew point of the flue gas. If exposed to an 
aqueous solvent, mass transfer may take place between the flue gas and the solvent. Depending on the dew point and 
the difference in temperature between the two fluids, the solvent may be either enriched or diluted.  
In power cycles with CCS, the dew point generally depends on fuel, capture technology, and plant efficiency. 
Against this background, a dew-point model is defined, taking into account the fuel composition combined with 
optional combustion principles (air-blown or oxygen-based), net plant efficiency and the rate at which CO2 is being 
removed. The purpose is a) to assess the exhaust gas composition from which the detailed flue gas composition and 
emission indices can be derived, and b) to estimate the corresponding dew point whereby the net water demand (either 
for make-up or retrieval) is determined depending on flue gas temperature.  
Four cases are presented in dual operation mode. Except for coal-based power cycles operating on wet lignite, the 
study suggests that a significant amount of make-up water is required in post-combustion mode. Conversely, the study 
reveals that some power cycles (and fuels) are capable of offering net water recovery from the flue gas, especially in 
oxy-combustion mode. The study also illustrates the sensitivity of water balancing. Hence, the net amount of water 
should be carefully addressed on a techno-economic basis and by taking into account the seasonal availability of 
process water, especially in regions hampered by limited water supply. 
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1. Introduction 
Conventional steam-power cycles require water primarily for condensing the exhaust steam, and only secondarily 
for environmental control purposes such as flue gas desulphurisation and NOx removal. In deploying CCS at large, 
water may become a critical factor in some regions. As some CCS systems require large amounts of make-up water, 
water balancing becomes essential in dealing with alternative concepts, especially in hot and dry countries like China, 
Australia and India. 
Comprehensive studies aimed at assessing the water demand for power cycles are rather scarce. In a comparative 
study, conventional power cycles were addressed by the US National Energy Technology Laboratory, NETL, defined, 
however, from a common design basis generating 500 MW net electric power (NETL, 2005) [1]. Six coal-fired plants 
burning the same coal, and one natural gas-fired plant were assessed based on the operational conditions of a typical 
site with evaporative cooling towers. Hence, an accounting of water usage was established throughout the power cycle, 
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forming a basis for comparing water usage in advanced electric power generation systems, however, without CCS.  
The use of water at pulverised coal power plants with post-combustion flue gas cleaning was addressed in a recent 
paper (Zhai et al. [2], 2011). The aim was (1) to quantify and characterise the water use, especially in conjunction with 
amine-based post-combustion CO2 capture, and (2) to identify the effects of key factors on water use in such power 
plants. However, the same type of coal was used in the study (Illinois #6), which implies that the impact of fuel 
composition on water balancing was not addressed. Instead, emphasis was placed on requirements for cooling water, 
make-up water for wet and dry cooling systems, and for the pollution control system. The study also kept the flue gas 
temperature at absorber inlet constant at 45°C, and the exit temperature of the clean flue gas was not reported. 
Although the potential impact of temperature adjustments was not addressed, the study per se is interesting. It shows 
how water is used and distributed at supercritical power plants with and without CCS – in particular in the boiler 
system and for selective catalytic reduction (SCR), flue gas desulphurisation (FGD), steam cycle cooling and for CO2 
capture for both solvent admixing and cooling. The study also reveals that appending an amine-based capture unit to a 
coal-power plant, this would rise the total water demand by at least 80%, and the capture system alone would require 
54% of the total water demand.  
Recent studies of a floating power plant with post-combustion cleaning suggest a water-balancing strategy applied 
to a natural-gas combined cycle with an amine-based absorption technique (Hetland et al. [3] 2009, Kvamsdal et al. [4] 
2010). In these studies, temperature adjustments of the flue gas were emphasised as a way to prevent the solvent used 
in the absorption unit from being either diluted or enriched within the system. This refers to the ability of the flue gas 
to contain water vapour that depends on the gas (molar composition) as well as on the actual gas temperature and 
system pressure (i.e. dew point). In most power cycles using CCS, the cleaned flue gas is released to the ambient air, 
usually in a state close to saturation. The reason is that the flue gas is normally exposed to water or aqueous solutions 
before entering the stack.  
The efficacy of future steam-based power cycles can be derived from the trajectory depicted in Figure 1. Major 
improvements are due to research on advanced boiler materials – especially in the USA (e.g. USC Materials 
Consortium) and in Europe (Thermie programme, AD700° and COMTES 700), targeting advanced materials to enable 
ultra-super-critical power cycles (USC-PC) with steam data reaching 360 bar and 700/720°C (superheat and reheat 
respectively) [5,6]. The commercialisation of these materials is expected to match the timelines of emerging CCS 
concepts up to year 2020, which means that a net efficiency above 50% can be used as a realistic level when 
benchmarking conventional USC-PC and USC-PC-CCS cycles.  
Figure 1: Trajectory of coal-power plant efficiency by recent year, and expected development mainly resulting from new materials for ultra-super-
critical technologies, and the expected set-back due to CCS (represented by the broken line). 
2. Method 
The impact of CCS on the water balance of the enclosed flue gas system constitutes an interesting feature, 
especially in power cycles using oxy-combustion and post-combustion schemes. In this paper, assessments are based 
on a proprietary mechanistic power cycle model taking into account a generic fossil fuel, and an oxidiser definition 
allowing for any percentage of oxygen (up to 100%) including, as appropriate, the relative humidity of ambient air in 
air-blown operations. In this model, the flue gas temperature can be used as a free variable.  
The model takes CCS schemes into account, except for systems that employ gasification or reforming. It estimates 
the flue gas composition resulting from the conversion of the fuel reacting with a pre-defined oxidant, from which the 
emission index and dew point are determined. In Figure 2, the emission indices derived from the model are presented, 
whereby the actual fuels used are spotted with a blue mark in the van Krevelen charts (attached below the chart) [7].  
In this study, a generic carbonaceous fuel is characterised by its chemical composition made up by the fraction of 
carbon, hydrogen and oxygen, besides sulphur, nitrogen, water and ash, defined as follows:  
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  (1) 
A complete balanced combustion reaction reads: 
 
 (2) 
Excess oxygen [L]:  
   (3) 
In the present study, the amount of CO2 and the water content are the most relevant products to address. As 
equation 2 determines the reaction products per unit fuel, these products relate directly to the amount of fuel converted, 
and hence they will explicitly depend on the thermal efficiency of the plant. The required amount of fuel is given by 
the following equation 
   (4) 
Here, ɳ denotes the thermal efficiency of the plant (i.e. fuel to net electricity), and LHV denotes the lower heating 
value. By solving the above equations (1-4), the composition of the raw flue gas will be determined. By introducing 
CCS, the major efficiency penalty is caused by a) the CO2 capture process – accounting for typically 5-8%-points 
depending on technology, fuel and power cycle1, and b) the compression train – accounting for typically 3-4.5%-
points with coal (or even more), depending on fuel properties, power cycle2, capture rate and transport requirement. 
To provide the performance data of the plant, the heating value is either given (LHV) or estimated. In the latter case, 
the higher heating value (HHV) is approximated by super-positioning the rate of reaction of the reactive parts – 
including the O2 content of the fuel, and adjusted for the contents of ash and humidity. Once the reaction equation (3) 
is solved, the partial pressure of water vapour is determined. On this basis, the lower heating value (LHV) is derived 
from the HHV by subtracting the heat of evaporation at dew point pressure pursuant to the amount of water vapour 
(formed according to the reaction scheme and otherwise released), and also by taking into account the sensible heat of 
vapour at dew point pressure, using ambient temperature as reference (typically 20°C). 
2.1 Results 
Equations 1–4 provide the emission index at given capture rates (CR) as a function of plant efficiency (Figure 2). 
They also provide the basis for estimating the net water demand (refer Section Error! Reference source not found.).  
In Figure 2 the impact of efficiency and capture rate on the emission index (in g/kWh) of typical power cycles 
operating on carbonaceous fuels is shown as a function of net plant efficiency. The main case is based on bituminous 
coal (bold black lines), whereas systems without capture using lignite and anthracite as well as natural gas (solid grey 
line) are referred to. This implies that the emission index depends not only on the efficiency of the power cycle, but 
also on the fuel composition and the capture rate. Moreover, natural gas is often regarded as a low-carbon energy 
option, complying with the level of clean energy of 500 g/kWh, as proposed by the European Parliament. According to 
Figure 2, this limit is met with natural gas without CCS if the plant efficiency exceeds 42%. Similarly, a lignite plant 
with 25% capture rate would be termed clean if its net efficiency exceeds 42% or, alternatively, with 50% capture rate, 
if the net efficiency is higher than 34%. Hence, the chart clearly indicates that a high efficiency and a low carbon 
number are important components of any strategy intended to reduce CO2 emissions.  
3. Dew-point model 
The dew point of the flue gas and the ability to affect the tail-end temperature represent the most important aspects 
of determining the amount of free water associated with the reaction products. Some humidity will be contained in the 
captured CO2 stream, although this will usually be recovered in the interstitial knockdown tanks of the compressor, 
and subsequently, by the preconditioning of the CO2 to a content less than 500 ppm of water [8,9].  
 
                                                          
1 A non-integrated ASU may account for as much as 7-10%-points (with O2 production of high purity; 99.5%). 
2 Presumptions: Pure CO2, 4 stage compression; Isentropic efficiency [82, 82, 80, 75]%; Initial pressure 1.5 bar; End-pressure 70 
bar (ambient temperature ~20°C); Inter-cooling (with 3% pressure loss each stage). 
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Bituminous coal 
[H/C, O/C, S/C, N/C, H2O/C] 
= [0.89163, 0.12256, 
0.00255, 0.00583, 0.01814] 
LHV: 29.0 MJ/kg 
 
Lignite 
[H/C, O/C, S/C, N/C, H2O/C] 
= [0.30404, 0.03010, 
0.00137, 0.00625, 0.02025]  
LHV: 8.8 MJ/kg  
 
Anthracite 
[H/C, O/C, S/C, N/C, H2O/C] 
= [0.99295, 0.26274, 
0.01249, 0.02858, 1.08893]  
LHV: 28,9 MJ/kg  
 
Natural gas 
[H/C, O/C, S/C, N/C, H2O/C] 
= [3.79465, 0.00000, 
0.00000, 0.03757, 0.00000]  
LHV: 46,0 MJ/kg 
 
Figure 2: Emission index versus efficiency related to typical bituminous coal (solid black lines) with various capture rates for CO2 (referred to as 
CR). The chart includes trajectories of anthracite, lignite and natural gas (without CO2 capture). The composition of fuels is shown in the panes 
underneath the graph. Combustion is assumed to include 3% excess air. 
In order to balance the water vis-à-vis a solvent, a more comprehensive model is developed taking into account how 
efficiency, fuel composition, capture rate and pressure relate to the tail-end gas. The model is based on the composition 
of the resulting flue gas, from which the vapour pressure is determined: 
  (5) 
Dew point is defined as the temperature that makes the saturation pressure equal to the vapour pressure: 
    (6) 
Furthermore, the mole weight of the dry flue gas is calculated from the following equation: 
 =  kg/kmol  (7) 
Now, the amount of water relative to dry flue gas is determined from the following equation:  
  [kgH2O/kgdry flue gas]  (8) 
Depending on fuel, power cycle and cooling capabilities, the option to produce water is indicated in Table 1, 
represented by the dew-point estimated for various coals converted in combustion processes based on oxygen or air. 
Table 1 suggests that with oxygen-based combustion, water recovery from the flue gas is feasible by cooling the gas to 
a temperature below dew point, which indeed is the essence of CCS schemes using oxy-combustion. With air-based 
combustion, however, this is practically feasible only with lignite, and to some lesser extent with bituminous coal, 
whereas with anthracite this option would be rather unlikely due to the low dew-point. 
20 30 40 50 60
Efficiency (%, LHV)
0
200
400
600
800
1000
1200
1400
1600
1800
2000
Em
is
si
on
 in
de
x 
(k
g 
C
O
2 
pe
r M
W
h)
90% CR
60% CR
30% CR
0% CR
Natural gas, no capture
Lignite, no capture
State-of-the-art coal
State-of-the-art natural gas
Anthracite, no capture
Biituminous coal
0
0,5
1
1,5
2
2,5
3
3,5
4
0 0,2 0,4 0,6 0,8 1
H
/C
O/C
0
0,5
1
1,5
2
2,5
3
3,5
4
0 0,2 0,4 0,6 0,8 1
H
/C
O/C
0
0,5
1
1,5
2
2,5
3
3,5
4
0 0,2 0,4 0,6 0,8 1
H
/C
O/C
0
0,5
1
1,5
2
2,5
3
3,5
4
0 0,2 0,4 0,6 0,8 1
H
/C
O/C
1326   Jens Hetland /  Energy Procedia  37 ( 2013 )  1322 – 1330 
 
Table 1: Dew point resulting from various coal properties applied to oxy-
combustion and air-combustion. Basis is a power plant with 1 GWe, 3% 
excess oxygen, and with fuel compositions as defined in Figure 2. 
 Dew point of flue gas [°C] 
Fuel Oxygen-based combustion (95% O2) 
Air-based combustion 
Lignite 86.1 60.9 
Bituminous coal 69.2 38.9 
Anthracite 52.2 23.6 
Natural gas 87.6 56.0 
 
Figure 3: Ts-diagram of water indicating the area where humid gas 
(vapour) occurs (condensable gases). At lower partial pressure the 
water vapour will behave almost like an ideal gas. 
 
A conventional estimation of humidity can be developed using the actual composition of the resulting flue gas. The 
flue gas pressure has two components: the partial pressure of the dry gas and the pressure of the water vapour:  
  (9) 
Per definition, the relative humidity is expressed as follows [10]: 
   (10) 
 Or: 
   (11) 
where: 
x = absolute humidity (kg water vapour / kg dry flue gas) 
x” = maximum absolute humidity (kg water vapour / kg dry flue gas) 
ρv = density of water vapour (kg/m3) 
ρv” = density of saturated water vapour (kg/m3) 
 
At some distance from the dry-saturation line (Figure 3), water vapour tends to behave like an ideal gas. Moreover, 
as the partial pressure of the water vapour is (usually) rather low, a good approximation is to treat the vapour as well as 
the mixture of the vapour (v) and the non-condensable dry flue gas (g) in an analogous manner as an ideal gas. Hence: 
    (12) 
   (13) 
From these expressions, the following mass equations are derived: 
   [kg water]  (14) 
   [kg dry flue gas]  (15) 
Per definition, an expression of the specific water content reads as follows: 
    [kg water / kg dry flue gas]  (16) 
which translates to the following formula: 
   [kg H2O/kg dry flue gas]  (17) 
Here, the mole weight of water vapour (Mv) is 18 kg/kmol. The mole weight of the dry flue gas, Mg (kg dry flue 
gas/kmol) is given by the (dry) products resulting from the combustion reaction as defined by equation 7. 
As shown in Figure 4, the saturation line varies significantly with combustion conditions. The dependence on fuel 
is, however, less significant, owing to the value of Mg as shown in Figure 5. To translate the saturation pressure into 
dew point (°C), a simple procedure using a 6-point Newton interpolation scheme is used, based on tabulated data of 
temperature and pressure [11]. On this basis, the dew point and the amount of water can be determined at any 
temperature, whereby, if the flue gas temperature becomes lower than dew point, the amount of condensing water can 
be estimated. 
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Figure 4: Saturation temperature of flue gas of bituminous coal, 
[H/C,O/C,S/C,N/C] = [0.898,0.122,0.0026,0.0058] with 2% water, 6% 
ash. Black line with 95% oxygen combustion, grey line with 
conventional air-blown pulverised combustion. In both cases 3% excess 
oxygen was used, and the mole weight of the dry flue gas, Mg, is 
estimated to 42.747 and 30.816 kg/kmol, respectively . 
Figure 5: Variation in mole weight of the dry flue gas (Mg) of three 
fuels (bituminous coal [H/C,O/C,S/C,N/C] = 
[0.898,0.122,0.0026,0.0058] with 2% water, 6% ash, lignite 
[H/C,O/C,S/C,N/C] = [1.000,0.263,0.013, 0.0286] with 49% water, 6% 
ash, and natural gas [H/C,O/C,S/C,N/C] = [3.822,0.000,0.000,0.038], 
no water and ash). For the combustion, 3% excess oxygen is required. 
  
Figure 6: Typical (indirect) oxy-combustion scheme. Figure 7: Typical post-combustion scheme. 
3.1 Oxygen-based combustion 
Oxygen-based combustion is driven by a high concentration of water and CO2 in the flue gas (practically more than 
90% vol-dry) by burning the fuel in oxygen mixed with some recycled flue gas. Oxy-coal combustion is deemed to 
have a significant development potential, backed by comparative advantages over alternative capture concepts. So far 
oxygen-based combustion concepts have reached semi-industrial scale at which tests are being conducted (since 2008) 
in pilots up to 30 MWth (Schwarze Pumpe in Germany, Callide in Australia and Lacq in France, the former two 
operating on coal, the latter on natural gas) [12,13]. 
3.2 Post-combustion capture 
Post-combustion capture techniques usually make use of sorption technology, appended to the exhaust gas duct. 
Although numerous sorbents (chemical and physical) are considered, a generic aqueous solution of monoethanol 
amine (20-30% MEA) is used in many studies and pilots, mixed with some additives preventing corrosion and 
foaming. In these systems, the solvent absorbs CO2 from the flue gas, typically at 40-60C in the absorber unit [3]. In 
order to prevent the solvent from being diluted or enriched when exposed to the flue gas, the temperature of the raw 
flue gas should be adjusted prior to the CO2 capture unit. 
4. Results 
Typical data of power cycles using oxygen-based combustion are summarised in Table 2. As the quantities of 
oxygen required by large-scale power cycles can only be provided by cryogenic air separation, a significant amount of 
nitrogen must be released to the atmosphere. Hence, with a power plant in the one gigawatt class, the amount of 
surplus nitrogen is 11 Mtpa (assuming bituminous coal, 780 MWe, 34.9% efficiency with CO2 capture). 
 
Table 2: Input and outlet data of a typical oxy-coal system with different coal properties. (Estimates resulting from assessments and methodology 
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derived in this paper.) 
  Amounts in oxy-combustion mode  
Species Unit Lignite Bituminous coal Anthracite 
Natural gas 
Flue gas (wet) Mtpa 12.82 6.94 7.05 6.36 
Flue gas (dry) Mtpa 8.04 5.89 6.61 3.73 
CO2  Mtpa 7.37 5.51 6.21 3.38 
CO2 emitted Mtpa 0.64 0.48 0.54 0.30 
CO2 to store Mtpa 6.72 5.02 5.67 3.08 
SOx (prior to the FGD) ktpa 133.91 2.04 1.23 0.00 
Water vapour Mtpa 4.78 1.05 0.44 2.63 
Fuel* Mtpa 3.02 1.88 1.82 1.26 
LHV MJ/kg 8.87 29.07 28.87 46.13 
Combustion air Mtpa 20.82 16.02 16.52 16.30 
Oxygen Mtpa 6.23 4.79 4.94 4.88 
Net power** MWe 714 783 770 809 
Efficiency penalty % 12.9 9.7 10.4 8.6 
Dew point °Celsius 86.0 69.1 52.2 87.6 
Note* Lignite: [H/C,O/C,S/C,N/C] = [1.000,0.263,0.013,0.0286] with 49% water, 6% ash, bituminous coal: [H/C,O/C,S/C,N/C] = [0.898,0.122, 
0.0026,0.0058] with 2% water, 6% ash, anthracite: [H/C,O/C,S/C,N/C] = [0.306,0.030,0.001,0.006] with 2.5% water, 8.9% ash, natural 
gas: [H/C,O/C,S/C,N/C] = [3.822,0.000,0.000,0.038]. 
Note** Fuel to net electric power efficiency 45% (LHV), operational availability 86%, 3% excess oxygen, 95% oxygen purity, ASU duty: 220 
kWh per tonne O2, 30% flue gas recirculation rate, four-stage CO2 compression with inter-cooling (3% pressure loss each), isentropic 
efficiencies: [82,82,80,75]% 
4.1 Water balancing results 
Case A:Lignite Case B:Bituminous coal 
Case C:Anthracite 
 
Case D:Natural gas 
 
Figure 8: Process water versus flue-gas temperature of oxy-combustion and air-combustion schemes. Assumptions made: generating capacity 1 
GWe, base-plant efficiency prior to CCS 45% (LHV). Oxy denotes oxy-combustion with 95% O2 from ASU and 30% flue gas recirculation. All 
cycles operate with 3% excess oxygen. Ambient air (20°C) contains 21% oxygen, 78% nitrogen and 1% argon, 60% humidity. PC denotes 
conventional post-combustion cleaning with air combustion, 90% capture rate. 
From a variety of generic fuels, ranging from anthracite to lignite and natural gas, four test cases are presented for 
comparison in Figure 8 (Cases A-D). Each case is assessed in dual operation mode: oxy-combustion and conventional 
air-blown post-combustion – all with 90% capture rate. Except for wet lignite, the following warning should be given 
regarding post-combustion schemes: if proper precautions are not made to maintain the water balance, a significant 
amount of process water will be required. For instance, post-combustion capture systems operating with bituminous 
coal (case B) and anthracite (case C) require make-up water corresponding to 68 and 138 t/GWh respectively, provided 
that the flue gas leaves the cycle at 45°C. If the tail-end temperature is as high as 70°C, the net water demands will 
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grow to 714 and 751 t/GWh, respectively. In contrast, a similar plant operating with lignite yields a surplus of 375 
t/GWh water at 45°C owing to the high water content (49% in this study), whereas a make-up of 388 t/GWh is 
required at 70°C. Likewise, if natural gas (case D) is used to fuel the same power cycle, assuming similar efficiency 
(45% LHV), a surplus of 191 t/GWh water will occur at 45°C. This is due to the higher hydrogen-to-carbon ratio of the 
natural gas. At 70°C, however, the situation will shift from net yield to a make-up water demand of 453 t/GWh.  
 
 
A:Lignite  
[HHV,LHV]=[12.4,10.5] MJ/kg  
[H/C,O/C,S/C,N/C] = [0.993,0.263,0.013,0.0286] with 49% water, 6% ash 
 
B:Bituminous coal (Douglas Premium) 
[LHV]=[27,174] MJ/kg (given) 
[H/C,O/C,S/C,N/C] = [0.677,0.612,0.003,0.020] with 2% water, 6% ash 
 
C:Anthracite  
[HHV,LHV]=[30.8,30.3] MJ/kg 
[H/C,O/C,S/C,N/C] = [0.304,0.030,0.001,0.006] with 2.5% water, 8.9% ash 
 
D:Natural gas  
[HHV,LHV]=[51.4,45.6] MJ/kg 
[H/C,O/C,S/C,N/C] = [3.798,0.000,0.000,0.017] with 0% water, 0% ash 
Figure 9: Fuel characteristics, cases A-D. 
5. Water recovery 
Figure 8 reveals that oxy-combustion cycles have a significantly larger potential for process water recovery. The 
bold lines identify the level of condenser temperature required to separate water from the bulk stream of CO2 from 
oxy-combustion cycles. Hence, in considering alternative CO2-capture concepts, the option for recovering process 
water can be quite useful. Especially with lignite (case A), 800 t/GWh of water is retrievable, in contrast to 568 t/GWh 
with natural gas (case D) or 426 t/GWh with state-of-the-art NGCC (60% efficiency, base case). Even with anthracite 
(case C), some water can be knocked down if the flue gas is cooled, (20 t/GWh at 45°C). At 70°C, the oxy-lignite 
cycle (case A) yields as much as 605 t/GWh, whereas the oxy-bitcoal cycle (case B) becomes almost balanced (-19 
t/GWh) and the natural gas cycle (case D) offers 451 t/GWh net water if efficiency remains the same. (With state-of-
the-art oxy-NGCC, 340 t/GWh is recoverable). The trajectories of Figure 8 also show that even more water can be 
provided, or less make-up water is required– depending on the case, if the cooling temperature is lower than 45°C.  
6. Conclusion 
A dew-point model, aimed at balancing water within the flue gas system of power cycles facilitating CCS has been 
outlined. The model provides performance data determining emission indices (Figure 2) and dew point, taking into 
account the actual fuel composition, plant efficiency, combustion concept and the CO2 capture rate. The sensitivity of 
the water balance is illustrated via differing fuels and systems in oxy-combustion and post-combustion mode.  
Advanced power cycles fuelled by anthracite and bituminous coal require make-up water if the flue gas temperature 
is higher than 25.2°C and 38.2°C, respectively. In comparison, due to the higher water content (49%), a similar lignite-
fuelled power cycle yields surplus water if the flue gas temperature is below 61.1°C. For instance, at 45°C, the yield is 
375 t water/GWh, whereas a make-up of 388 t water/GWh is required at 70°C. Likewise, due to a higher hydrogen-to-
carbon ratio, a similar cycle operating on natural gas with the same efficiency will yield a surplus of 191 t water/GWh, 
recoverable if the flue gas temperature is 45°C, whereas, at 70°C, a make-up of 453 t water/GWh will be needed.  
With oxy-combustion, quite significant volumes of water can be released if flue gas cooling to temperatures lower 
than dew point is feasible. Even with oxy-anthracite, some water is recoverable – still at 45°C (case C). At this 
temperature, the oxy-lignite cycle (case A) will release 800 t water/GWh, whereas a conventional amine-based post-
combustion cycle burning the same coal offers 375 t water/GWh, if flue gas cooling takes place prior to the absorption 
column. In a post-combustion bituminous coal-cycle (case B), make-up water corresponding to 68 t/GWh will be 
required to keep the balance – provided the flue gas enters and leaves the absorption column at 45°C. If the 
temperature is raised to 70°C, the demand will grow unproportionately by a factor of 10.5. This illustrates the severity 
of humidity versus free water in these systems. Moreover, it should be kept in mind that, unless the make-up water is 
supplied continuously, the flue gas is prone to extract water from within the system. Eventually, this may result in 
enrichment of internal solvents used either for pollution control or for CO2 capture. 
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